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superposition of the independently faded signals associ-
ated with the
L users sharing the same space-frequency
resource. The received signal was corrupted by the Gaus-
sian noise at the array elements. The indices
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been omitted for notational convenience during our forth-
coming discourse, yielding:
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where the
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)-dimensional vector
x of received sig-
nals, the vector
s of transmitted signals and the array noise
vector
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The frequency domain channel transfer factor matrix
H
of dimension
L
￿
P is constituted by the set of channel
vectors of the
L users:
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each of which hosts the frequency domain channel transfer
factors between the single transmitter antenna associated
with a particular user
l and the reception array elements
p
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with
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L
g. Regarding the statistical properties
of the components associated with the vectors in Equation
1, we assume that the complex data signal
s
(
l
) transmit-
ted by the
l-th user has zero-mean and unit variance. The
AWGN noise process
n
p at any antenna array element
p
exhibits also zero-mean and a variance of
￿
2. The fre-
quency domain channel transfer factors
H
(
l
)
p of the differ-
ent array elements
p
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:
;
P
g or users
l
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g
are independent, stationary, complex Gaussian distributed
processes with zero-mean and a different variance of
￿
2
l
[1].
III. WALSH-HADAMARD TRANSFORM SPREADING
During the
n-th OFDMsymbol period prior to transmis-
sion the set of
K data symbols
s
(
l
)
i
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]
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1
of the
l-th user, which are associated with individual sub-
carriers in a scenario using no spreading, is subjected to
the Walsh-Hadamard Transform (WHT) [8] in the spread
scenario. As a result, each subcarrier-related symbol at the
output of the transform block contains a contribution of all
the original subcarrier data symbols that are to be transmit-
ted. At the receiver after subcarrier-by-subcarrier based
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Fig. 2. Illustration of WHT subcarrierspreadingusing a limited
WHT blocksize, which is a fraction of the total number of
subcarriers hosted by the OFDM symbol.
channel equalization in the single-user single-reception
antenna scenario or after array combining in the multi-
user multi-reception antenna assisted SDMA scenario de-
spreading is performed. Despreading is invoked separately
for the different users in the SDMA scenario. Due to the
operations of spreading and despreading combined with
MMSE based frequency-domain equalization the adverse
effects of low SNR subcarriers on the average BER per-
formance is potentially improved. This is a direct conse-
quence of spreading, since even if the signal corresponding
to a speciﬁc chip is obliterated by a deep channel fade, af-
ter despreading its effects are spread over the WHT-length.
Hence there is a high chance of still recovering all the par-
tially affected subcarrier symbols without errors.
Since the employment of WHTs having a high trans-
form length, such as for example
5
1
2, as required in case
of the indoor WATM system model employed in our in-
vestigations in Section IV would impose a high compu-
tational complexity, we partition the OFDM symbol into
several WHTs. This is also justiﬁed by the observation
that most of the channel’s diversity can be exploited with
the aid of a relatively short spreading length, as illustrated
in Figure 3. Furthermore, depending on the particular de-
lay spread proﬁle of the channel, the OFDM symbol band-
width of
K subcarriers can be divided into
K
=
M inter-
leaved blocks of size
M each, which are separately sub-
jected to the WHT. More speciﬁcally, the
i-th WHT block
contains subcarriers having indices
j given by:
j
=
i
+
r
K
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0
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1
; (7)
where according to our deﬁnition both the ﬁrst WHTblock
and the ﬁrst OFDM subcarrier are represented by an index
of zero. In Figure 2 we have further illustrated the opera-
tion of WHT based spreading applied to blocks of an iden-
tical size, where each block hosts only a fraction of the
total number of
K subcarriers associated with the OFDM
symbol. More speciﬁcally, in this particular example the
OFDMsymbol iscomposed of 16 interleaved WHTblocks
and the subcarriers which are
1
6 frequency positions apart
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